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Abstract 
This article presents the results of geological and petrological research on the igneous and 
high-grade metamorphic rocks of the Kurosegawa Tectonic Zone and discusses their bearing 
on t,he tectonic evolution of the Kurosegawa Zone in pre圃Siluriantime. 
The Siluro-Devonian silicic pyroclastic rocks including welded tuff were probably forn1ed 
by highly explosive eruptions of vesiculating silicic magma and were deposited on land (welded 
tuff) or in shallo'¥v marine environment not so far from the land (other tuff lithologies). -The pres-
ence of the reef limestone interstratified with the Siluro-Devonian sequence also suggests the 
deposition in a shallow marine environment, while the abundant elastic materials derived from 
the granitic rocks in the silicic pyroclastic rocks and limestone require a nearby terr1genous source 
(either continent or matured island arc). 
On the basis of the mode of occurrence, the granitic rocks can be divided into the pre-Silurian 
granite (so called “Mitaki igneous rocks”） and the Devonian granite. The former was unconform-
ably covered by the Siluro田Devoniansequence, whereas the later was intruded into it. 
Since the remarkab1le contrasts with respect to the petrography and petrochemistry can be 
recognized between these granites, tectonic setting of the emplacement of these granites may be 
different. Probably, the pre圃Siluriangranite can be regarded as representing the rock suite em-
placed in the compressional tectonic setting and may have been formed in relation to the high-
grade metamorphism. On the contrary, the Devonian granite may be the subvolcanic equivalents 
of the Siluro・Devoniansilicic volcanics emplaced in the extentional tectonic settmg. 
A,m.ong the high-grade metamorp'hic rocks, the ・garnet輔clinopyroxeneamphibolite was formed 
undαthe granしlitefacies condition at about 850°C and 10 Kb or more. The other high-grade 
metamorphic rocks, namely amphibo]ite and biotite gneiss, may belong to the amphibolite facies 
of the medium-pressure type facies series, judging from the occurrence of staurolite coexisting 
with almandinous garnet and the garnet composition with appreciable amount of pyrope molecule. 
Some field evidences show that, among various kinds of rocks of the Kurosegawa Tectonic 
Zone, at least the Siluro圃Devonianseqtience, pre圃Siluriangranite, Devonian granite, high-grade 
metamorphic rocks and their associated dyke rocks were constituent elements of certain geologic 
unit of continental affinity in middle Paleozoic time. Hence, these rocks can be regarded as coか
stituents at various deptl1 of the once existed continental crust. 
Paleomagnetic inclination measurements on rocks from the Siluro・Devoniansequence indicate 
that the Kurosegawa zone was situated far to the south from the present position during middle 
Paleozoic time. In this concern, it is emphasized that the similarity of the stratotectonic features 
during Silurian and Devonian times can be recognized between the Kurosegawa Zone and Lachlan 
• Department of Geology, Faculty of Science, Kochi University, Kochi 780, Japan 
46 Shin-ichi y OSHIKURA 
Fold Belt of the southeast Australia. It might be stated that the both areas went through a com-
mon geological history at least in middle Palじozoictime. This may mean the possibilities that 
the Ku~osegawa Zone detached from the ancient Australia continent or a lost continent, Pacifica, 
as a micro-continent for which the name“Kurosegawa micro-continent'' is proposed in this paper. 
The Kurosegawa mic10・continentsubsequently drifted northward and eventually collided with 
the continental margin of Mesozoic Asia, and incorporated with other geologic units as a part of 
the original Japanese Island. 
I. Introduction 
In the Chichibu Belt of Southwest Japan, where the upper Paleozoic to middle 
Mesozoic formations are widely distributed, granitic rocks, high-grade metamorphic rocks, 
Silurian limestone and serpentinite have been known to occur in ,sojme restricted part 
(cf. ISHIHARA, 1931; HORIKOSHI, 193'6; SUGIYAMA~ 1936; KOBAYASHI and lWAYA, 1940; 
MATSUMOTO, 1947; MATSUMOTO and KANMERA, 1949). 
Based on the detail field survey, IcHIICAWA et al. (1956) have revealed that the Silurian 
strata, granitic and metamorphic rocks form a composite mass with lensoid shape along 
certain fault zone parallel to the general trend of the Chichibu Belt. The lensoid body 
was termed as the “lenticular body”， and the zone where the lenticular bodies inter-
mittently occur was named as the “Kurosegawa Tectonic Zone”. The rocks and strata 
of the Kurosegawa Tectonic Zone listed by them are; granitic rocks (Mitaki igneous 
rocks), high屯rademetamo)1 
formation (0及anaroGroup). They have shown that this Tectonic Zone can be traced 
from Kyushu to the Kii Peninsula and have discussed the significance of the Kurose-
gawa Tectonic Zone in the tectonic development of the Chichibu Belt. 
Since then, it has been clarified that the Kurosegawa Tectonic Zone extends inter・帽
mittently from the Yatsushiro district in Kyushu to the eastern part of the Kii Peninsula 
over a distance of about 600 km {HIRAYAMA and TANAKA, 1956; MIYACHI et al. 1963; 
HAMADA, 1963; MATSUMOTO and KANMERA, 1964; MIYACHI and NODA, 1965), and 
that, in the p,resent state, lenticular bodies are distributed intricately often branching 
into two 01r mofe belts, especially, in the Yatsushiro, district (MATsu,MoT.o and KANMERA, 
1964) and central Shikoku、（Fig.l・B). 
Many petrologists have focused their attention on the petrology of the high圃grade
metamorphic rocks and granitic rocks, and their petrological features have been clarified 
up to now (cf. HAYAMA, 1959; MIYACHI et al., 1963; MIYACHI, 1969; KARAKIDA, 1974, 
1975, 1977a; KARAKIDA et al., 1979; YoslfIKURA and YosHIDA, 1979; YosHIKURA et al., 
1981 ).
Since IWASAKI and SHINOAKI (1959) have found the glaucophane schist in the Kuro-
segawa Tectonic Zone at eastern Shikoku, the occurrences of the high国pressuremetamor園
phic rocks. s1howing various mode of occurrences and isotopic ages, and belonging, to 
various metamo叩hicfacies have been repoirted in. central Shikoku (MARUYAMA et al., 
1978; Nは AJIMAand MARUYAMA, 1978; NAKAJIMA et al., 1978; UEDA et al., 1980) and 
in Kyushu {UETA, 1961; KARAKIDA et al., 1977). In addition to the constituents listed 
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by ICHIKAWA et al. (1956), MARUYAMA (1981) regarded that these high四pressuremeta-
morphic rocks and some non-metamorphosed strata are also important constituents of 
the Kurosegawa Tectonic Zone. He also emphasized the significance of the serpentinite 
and characterized the nature of the Kurosegawa Tectonic Zone as a serpentinite melange 
zone. 
Recently, the Kurosegawa Tectonic Zone is interpreted as a suture zone or a ser-
pentinite melange zone where various kind and age of rocks, emplaced in different tec-
tonic environments, occur as tectonic blocks enclosed in the highly sheared serpentinite 
(SuzuKI et al., 1976; SUZUKI et al., 1979; HADA et al., 1979; MARUYAMA, 1981). In 
this respect, it is worthy to note that MATSUMOTO and KANMERA (1949) have already pointed 
out that the constituents of the Kurosegawa Tectonic Zone were squeezed out from 
deeper part along the fault zone and the serpentinite played an important role in this 
process. 
As some field evidences (KATTo et al., 1976; TSUCHIYA, 1982) indicate, the funda-
mental tectonic framework of the Kurosegawa Tectonic Zone as a serpentinite melange 
zone was co1npleted at least before early Cretaceous time. The process forming a ser-
pentinite melange zone can be regarded as one of the remarkable events of the Jurassic 
Movement in Southwest Japan (ICHIKAWA, 1981; ICHIKAWA, 1982; HADA and~ICHIKAWA, 
1982). 
HADA ( 197 4) made clear the tectonic status of the Kurosegawa Tectonic Zone as 
the intrageosynclinal tectonic lands within the “Honshu Geosyncline'' during Permian 
to Triassic times. 
Recently, the pre田J.urassicstatus of the Kurosegawa Zone is considered as a micro-
continent or an island arc within the far south oceanic realm (HORIKOSHI, 1972; IcHI-
KAWA, 1981; SASAJIMA, 1982). On the contrary, SuzuKI et al. (1979) and HADA et al. 
(1979) suggested that the region of the Kurosegawa Zone was situated at a marginal 
part of the ancient Asiatic continent in pre-Silurian time. Subsequently, according to 
them, the region of the Kurosegawa Zone was rifted and detached from the ancient Asi-
atic continent associated with intense silicic igneous activity during the middle Silurian 
to early Devonian times, and then migrated oceanward (southward) as an island arc. 
We can get only limited information concerning the pre四Silurianstatus of the Kuro-
segawa Zone through the study of the constituent rocks and strata which are distributed 
as various tectonic blocks. Some evidences show that, among the various tectonic blocks 
in the Kurosegawa Tectonic Zone, at least the granitic rocks, high四grademetamorphic 
rocks, and Siluro四Devoniansequence once formed an ancient geologic unit together. 
It is particularly important to study the Siluro・Devoniansequence which can give the 
direct informations on the geologic environment in Silurian and pre-Silurian times. 
The Siluro田Devoniansequence has been so far studied mainly from the stratigraphical 
or paleontological viewpoint. 
The present study is aimed at elucidating the mode of occurrence, petrography and 
petrochemistry of the Silur・o-Devoniansilicic volcanics and associated intrusive rocks, 
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granitic rocks and high-grade metamorphic rocks in order to clarify their characteristics 
and to discuss the tectonic setting of their formation. The final goal of the research 
is to reconstruct the geologic unit which may correspond to the above mentioned micro-
continent or island arc. 
The paper is a summary of some part of the doctoral thesis of the Osaka City Uni-
versity. The detailed descriptions on the petrography and petrochemistry of igneous 
rocks will be given in another paper. 
I would like to acknowledg・e with special emphasis Prof. Koichiro ICHIKAWA of the 
Osaka City University for his valuable instruction, constant encouragement, and reading 
of the manuscript. Sincere appreciation is also due to Prof. Nobuhide MURAKAMI of 
the Yamaguchi University and Dr. Masaru YOSHIDA of the Osaka City University for 
critical reading of the early version of the manuscript and suggestion on the petrology. 
I wish to express sincere thanks to Prof. Takashi SUZUKI and Prof. Shigeki HADA of the 
Kochi University, who gave fruitful discussions in the course of preparing this thesis. 
I am also grateful to Prof. Tetsuya KARIYA of the same university for the development 
of the semi-automated microprobe analyser system with me. During this investigation, 
I benifited from valuable discussion and cooperation that I received from many students 
of the Kochi University. 
I.. Igneous racks 
1. Outline of geology on selected areas 
ICHIKAWA (1976) divided lenticular bodies of the Kurosegawa Tectonic Zone into 
five types on the basis of the rock association of individual lenticular bodies. Among 
them, S-type lenticular body is characterized by the wide occurrence of the Siluro圃Devo圃
nian formation with some closely associated granitic rocks and minor amounts of meta圃
morphic rocks. 
Gionyama (Miyazaki Pre五）， Y okokurayama (Kochi Pref.), Konomori (Kochi Pref.) 
and Okanaro (Ehime Pref.) lenticular bodies' (Fig. 1) belong typically to the S-type len圃
ticular body. In this ar、ticle,therefore, the former three were chosen to describe the 
Siluro-Devonian formation and associated silicic igneous rocks. 
(1) Gionyama lenticular boの
1) Regional geology 
In the Gionyama district, Gokase・cho, northern part of Miyazaki Prefecture, 
lenticular bodies of the Kurosegawa Tectonic Zone crop out forming at least four or 
more belts. They are composed of various kinds of rocks with general trend of NE-SW 
and are in fault contact with surrounding strata of the Chichibu Belt (Fig. 2). 
The Gionyama lenticular body is largest among the lenticular bodies of this district 
and constitutes the northernmost belt. It extends about 5 km in. length with an average 
width of 1.5 km. To the north of the Gionyama lenticular body, the Early Cretaceous 
Shibanomoto Formation is distributed and contacts with the Gionyama lenticular body 
一
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Fig. 1A. Distribution of the Kurosegawa Tectonic Zone. 1: Yatsushiro area, 2: Itsuki area, 
3: Gionyama area, 4: Obira・Hoeiarea, 5: Mikuni Pass area, 6: Mitakiyama area, 
7: Nabaebana area. I: locality of the garnet-clinopyroxene amphibolite belonging to the 
gtanulite facies, II: locality of the plagioclase porphyrite. KTZ: Kurosegawa Tectonic 
Zone, MTI.,: Median Tectonic Line, BTL: Butsuzo Tectonic l.,ine, G咽ATL: Gokasho圃
Arashima Tectonic l.,ine. 
in fault relation. A norぬ－dippingthrust fault, which is named as“Gionyama thrust 
in this article, separates the Gionyama lenticular body on the south from the Upper 
Jurassic Oishi Formation. 
In・ the eastern pai・t of the area (vicinity of Oishi), a small lenticular body with silicic 
volcaniclastic rocks of the Gionyama Formation and granitic rocks occur along the fault 
between the Oishi Formation and the Yurugidake Formation. This body is called in 
this paper as the Oishi lenticular body. 
Along the northern and southern boundary faults of the Tonegoyama Formation, 
serpentinite intruded accompanying with various kinds of blocks such as granitic rocks, 
garnet-clinopyroxene amphibolite and greenschist. 
2) Geology of the Gionyama lenticular body 
The Gionyama lenticular body consists chiefly of the Kuraoka Granite, Siluro-
Devonian Gionyama Formation and quartzporphyry which are roughly‘arranged from 
north to south (Fig. 2). 
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Fig. 1B. Distribution of the lenticular bodies of the Kurosegawa Tectonic Zone in central Shikoku (simplified from Fig. 2 in HADA et al., 
1979 wit.h additions by th.e author). 1: lenticutar body, 2: serpentinite, 3: locali句 ofthe garnet-clinopyroxene amphibolite be-
longing to the granul'.ite facies, 4: locality of the plagiocla1se porphyrite. J: Jichima, C: Choja, K: Kochigatani, S: Sakawa, 
D: Dokiyama, 0: Obana, N: Nariyama, E: Edagawa, En: Engyoji, I: Ikku. 
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Acco吋ingto HAMADA (1959), the Gionyama Formation is divided into four mem-
hers; from the Gl to G4 in ascending order. He reported that the coral fossils in the 
Gl, G2 and G3 are correlative with Upper or Middle Wenlockian, Upper Wenlockian 
and Lower Ludlovian, respectively. Though the G4 member lacks reliable index fos-
sils, it has been considered that the G4 corresponds to Upper Ludlovian o,r may range up 
to Lower Devonian judging fro1m its' stratigraphic position. 
G 1: The G 1 member consists of folded fine-to medium-grained sandstone com・
posed predominantly of quartz, feldspars and biotite, and hence it may be a derivatives 
of the granitic rock. 
G2: The Gl sandstone bed is overlain by fossiliferous limestone which sometimes 
shows the characteristic facies such as san.dy limestone or limestone breccia. It should 
be €mphasized that in this, limestone leucocratic coarse-grained granitic rock pebbles 
resembling the Oishi Granite, determined with nraked eye, are contained. The sand四
stone with mudstone intercalations comformab砂 overliesthe above mentioned lime帽
stone. 
G3: Alternation of limestone and calcareous sandstone with pebbles or breccias 
of limestone rests conforrnably upon the G2 member, and yield occasionally coral and 
trilobite fossils. In this alternatio1n, thin tuffaceous beds are sometimes interbedded. 
The massive and crystalline pure limestone conf ormably overlies the alternation. 
G4: The G4 member consists p.redominantly of silicic volcanic materials, being 
eompos・ed mainly of vitric tu:f and tuffaceous ,sandstone. 
Quartzporphyry or silicic lava occurs apparently above the silicic volcaniclastic 
beds. 
The Gionyama Formation is homoclinal having NE-SW trend and dips approxi-
mately 60° to south, but it has often been ,overturned to north with 60° to 80° dip. 
rfhe granitic r@cks in this, district can h,e divided into, the Kuraoka Granite and the 
Oishi Granite on the basis of their mode o,f occurrence and petrographic features. They 
correspond collectively to the “Kuraoka igneous rocks'' of MIYACHI and NODA (1965). 
The Kuraoka Granite is widely dis凶butedin the northern part of ~he Gionyama leル
ti cu】arbody. The relati仰shipbetween the Kuraoka Granite and Siluro田Devonian
Gilonyama Formation is di伍cultto evaluaぉ dueto po.or ,exposure. But it shcould be 
emphasized that the Kuraoka Granite occu.rs at the lower side of the Gionyama Forma帽
tilon and serpentinite never intruded between them. This relat~on.1sh中 is also, o hserved 
in the Yokokurayama lenticu~ar body. 
The Oishi Granite occurs as small lensoid body in the Oishi lenticular body and 
it ,oecurs rarely in the ,serpentinite as, small blocks. The Garnet-climopy~ox©ne amphi-
bolite also occurs closely associated with highly s.heared serpentinite and shows petro・
graphic :features similar to, those formed umder the COi 'd1itioa of granulite facies which 
are kn<¥>wn to occur im various p~aces of the Kufosegawa Tectonic Zone. 
(2) Yokokurayama len,ticular body 
1) Regional g,eofogy 
The Y okokurayama lenticular body is expesed as fairly large body over an a.rea 
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Geologic map of the Yokokurayama lenticular body. 1. Ohira Granite, 2. Gomi Granite, 3. quartzporphyry, 4. Terano metamorphic 
rocks, 5-10. Yokokt1rayama Formation (Middle Silurian to Devonian) (5. welded tuff, 6. vitric知妊， 7.pumiceous vitric-crystal tufl, 
vitric-crystal tu妊， tuffaceoussandstone, 8. conglomerate, 9. limestone, 10. limestone boulder), 11. Ochi Formation (Late Devonian), 
12. Shirakidani and Takaoka Formation (pre・Cretaceous),13. Monobegawa Group (Early Cretaceous), 14. serpentinite, 15. fa叫t,16. 
fold axis. 
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, about 8 km long by 1.2 km parallel to the general trend of the Chichibu Belt at the Yoko-
kurayama district, Ochi-cho, Takaokルgun,Kochi Prefecture (Fig. 3). 
Northern margin of the lenticular 0ody is separated by a fault from the Triassic ( ?)
Shirakidani Group. At the southern margin, the lenticular body is also in fault contact 
with the Middle Permian Takaoka Formation in the west and with the Lower Cretaceous 
Monobegawa Group in the east. 
2) Geology of the Y okokurayama lenticular body 
The Yokokurayama lenticular body is composed mainly of the Siluro-Devonian 
Yokokurayama Formation, Upper Devonian Ochi Formation, granitic rocks, quartz-
porphyry and minor amount of high-grade metamorphic rocks. 
The conformable sequence from Middle Silu.rian to Middle Devonian (from G 1 
to G4 of HAMADA (1959)) is referred to here as the Yokokurayama Formation which is 
predominant in silicic volcanic materials. The formation which is chiefly composed of 
alternation of sandstone and mudstone of terrigenous origin without volcanic materials 
and yields the Upper Devonian plant fossils is termed as Ochi Formation. 
The discriptions of the Yokokurayama Formation will be given below on the basis 
of the stratigraphic division of HAMADA (1959). 
G 1-G 2: The G 1-G 2 members consists largely of silicic volcaniclastic rocks and 
sedimentary rocks such as vitric tuf, welded tuf, tuffaceous sandstone and tuffaceous 
mudstone with molluscan fossils. In the upper part of these members, the rocks gr刈圃
ually become calcareous, and sometimes impure limestone are intercalated. 
G3: The G3 member is composed almost entirely of massive and partly brecciated 
light-grey limestone in which a few thin vitric tuff beds and sandstone beds are inter圃
calated. Reddish brown clay-like materials fil the cracks or intermingle with limestone 
and give reddish tint to the limestone. ]a the brecciated limestone, in addition to lime-
stone breccias, pebble to cobble sized various breccias mainly of gr加 iticrocks, sub-
ordinately of welded tu鉦anddoleritic rocks are contained (YosHIKURA and SATO, 1976). 
These breccias, especially of granite, are often intensely reddened. K-Ar age of the 
biotite in a granitic rock breccia was dated as 364± 1 lMa by S1HilBATA ,et al. (1979). On 
the basis of recently found of conodonts, KuwANo (1976) referred the G2 and G3 mem圃
bers to uppermost Llandoverian to early Middle Ludlo¥7ian, although they have been 
assigned to Upper W enlockian to Lower Ludlovian from megafossil evidences (HAMADA, 
1959). 
G4: The G4 member ranging up to 1000 m in thickness is widely distributed 
especially in the western part of this lenticular body. This member consists chiefly 
of vitric tuf, pumiceous vitric-crystal tuf, vitric-crystal tuff and tuffaceous sandstone, 
and intraformational conglomerate is occasionally intercalated. The member has been 
believed to be Devonian in age despite the lack of re]iab,ie fossil evidence. Recently, 
FURUTANI (1983) reported the well preserved radiolarian fossils from the middle part 
of the G4 member of this lenticular body. 
The Yokokurayama Formation is homoclinal in structure, having NE-SW strike and 
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dips to north steeply, but it is evident that the formation is overturned judging from 
the grading structure observed in the sandstone bed. This is consistent with the bio圃
stratigraphic succession. 
The Ochi Formation is distributed in the southern margin of the lenticular body 
in fault contact with the G4 member of the Yokokurayama Formation at northern bound” 
ary and with the Takaoka Formation at southern boundary. The formation consists 
almost entirely of alternation of sandstone and mudstone which seems to be of terrigenous 
origin1. It is folded as a syncline with high dip having E-W trend of folding axis. Fossil 
of plants and brachiopods indicating Upper Devonian age have been reported from this 
formation by HIRATA (1966). 
Quartzporphyry intrudes into the G4 member discordantly at the central and western 
part of the lenticular body. Granitic rocks distributed in this lenticular body shows 
two different mode of occurrences. One of them is distributed at near the base of the 
Yokokurayama Formation and has been considered to be in fault contact with the Yoko-
kurayama Formation. But, recently, YASUI (1982) reported the exposure where the 
basal bed of the Yokokurayama Formation rests unconformably upon the granitic rock. 
This granitic rock, which is termed as Gomi Granite in this paper, is in fault contact 
with the biotite gneiss and sometimes contains it as xenolith. On the other hand, granitic 
rocks which shows disco1・dant intrusive relation to the G4 member at central and western 
part of the lenticular body are termed as Ohira Granite. 
(3) Konomori lenticular boの
1) Regional geology 
The Konomori lenticular body north of Kochi City occurs in fault contact between 
the southern Lower Cretaceous and the northern Triassic? Shirakidani Formations 
(Fig. 4). Along with the northern boundary fault, huge volume of serpentinite which 
contains various kinds of tectonic blocks of high-perssure metamorphic rocks (MARu-
YAMA et al., 1978) are intruded. On the contrary, serpentinite, if any, intrudes into 
the southern boundary fault in small quantity. 
2) Geology of the Konomori lenticular body 
In this lenticular body, only Siluro-Devonian formation and granitic rock occur. 
The Silur・o・Devonianformation is composed largely of vitric tuf, tuffceous sandstone 
and alternation of sandstone and mudstone. These strata are correlative lithologically 
to those of the G4 member in the Gionyama and Y okokurayama lenticular bodies. Many 
well preserved radiolarian fossils are obtained from the vitric tuf, and they are inferred 
to be early or middle Devonian in age (Furutani et al., in preparation). The Konomori 
Granite, which intrudes into the Siluro-Devonian formation, is similar to the Ohira 
Granite in the Y okokurayama lenticular body with respect to mode of occurrence, lithol-
ogy and mineralogy. 
2. Note on the petrology of igneous rocks 
(1) Petrography 
1) Siluro・D,evoniansilicic volcaniclastic rocks 
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The representative rock types of the Siluro・Devoniansilicic volcaniclastic rocks are 
vitric tu鉦，vitric-cyrstaltuff and welded tuf. 
The vitric tuff is hammer ringing hard, compact, siliceous and very fine-grained. It 
shows characteristic blue-green color at fresh exposure, and breaks with a conchoidal 
fracture. The tuff is composed of well-sorted fine ash-sized tunning fork岨 orsickle-
shaped glass shards in a matrix of volcanic dust( now cryptocrystalline siliceous materials) 
with a few crystal fragments of quartz and feldspars. It sometimes includes pumice 
clasts. Glass shards are devitrified completely and altered to an intergrowth of poly圃
crystalline quartz and feldspars. The vitric tuff rich in glass shards shows the so-called 
“vitroclastic texture”． 
The vitric圃crystal!tuff consists dominantly of glass shards, and crystal fragments of 
plagioclase, quartz and rarely that of clinopyroxene, and a minor amount of lithic frag-
ments such as granitic rocks, andesitic or bぉalticrocks and siliceous shale. Pumice 
clasts, which well preserve the characteristic cellular structure even though they are flat-
tened and altered to chloritic materials, are often contained. 
The welded tu狂ischaracterized by the presence of dark圃brownelongated essential 
lenses forming a eutaxitic texture set in the pale yellowish-brown to pale re4dish-brown 
matrix (YosHIKURA and SATO, 1976; YosHIKURA, 1982). These essential lenses and 
matrix are almost invariably devitrified to fine-grained quartzofeldspathic mosaic aggre-
gate. Flattened, streched and densely welded glass shards in the matrix wrap around 
crystal fragments with compaction after deposition. Accidental lithic fragments are com・
posed essentially of granitic rocks and subordinate amount of andesitic or basaltic rocks, 
mudstone and sandstone. 
2) quartzporphyry 
The quartzporphyry consists of large phenocrysts of euhedral or corroded quartz and 
sodic plagioclase( albite to oligoclase) set in a pale grey or cream colored microfelsic or 
cryptocrystalline matrix, and it shows typical porphyritic appearance. In some samples, 
clinopyroxene and/or hornblende are also contained as phenocryst in a small amount. 
3) Granitic rocks 
The granitic rocks are divided into following two types on the basis of the mode of 
occurrence. The first type is the pre”Silurian granite which is unconformably covered 
by the Silur・o・Devonianformation in the Yokokurayama lenticular body (YASUI, 1982). 
Many of so-called Mitaki igneous rocks belong to this type. Examples are the Kuraoka 
and the Gomi Granites in the Gionyama and the Y okokurayama lenticular bodies, res圃
pectively. (Figs. 2, 3). The Devonian granite is the second type intr吋edinto the Siluro-
Devonian formation and is represented by the Ohira and the Konomori Granites in the 
Yokokurayama and the Konomori lenticular bodies, respectively (Figs. 3, 4). 
The pre・Siluriangranite is medium-to coarse-grained hollocrystalline massive 
rock. Almost al of the p印刷Siluriangranites more or les show the evidence of shearing. 
The Devonian granite is generally fine圃 tomedium圃grainedrocks and characterized 
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Fig. 6. Modal opaque minerals vs. modal 
quartz+ K-feldspar diagram. Boun-
dary line between magnetite-series 
granite and ilmenite-seties granite 
fields is after ISHIHARA (1977). 1. 
prト ，Siluriang.ranite, 2. Devonian 
granite, 3. quartzporphyry. 
Gr 
Fig. 5. Modal quartz岨plagioclase-K・feldspardia-
gram of the granitic rocks. Rock nomen-
clature is that recommended by the IUGS 
subcomission, except for dividing the 
granite field into adamel1lite and granite. 
1. p1re”s,ilurian granite, 2. Devonian gra-
nite. 
by the development of graphic texture composed of vermicular integrowth of warm-like 
quartz and K-feldspar blebs between euhedral plagioclase as mesostasis. 
The modal mineralogy of the two granitic rocks are distinct from each other. The 
mineralogy of the Devonian granite is quartz四poorcompared to the pre-Silurian granite 
and it trends toward quartz monzonite while the pre-Silurian granite trends toward gra-
nite (Fig. 5). 
Di:ff erences also occur in the ratio of opaque miner叫sto total quartz加 dk圃feldspar
(Fig. 6). The De¥onian granite has a higher modal percentage of opaque minerals for 
rocks of similar content of quartz and K-feldspar than the pre-Silurian granite, and al of 
the samples examined are plotted in the五eldof magnetite-series (ISHIHARA, 1977). The 
quartzporphyries also contain a considerable amounts of opaque minerals and more than 
half of samples examined fal within the magnetite-series field. The opaque minerals in 
the Devonian granites and quartzporphyries are identified as magnetite and, to a lesser 
extent, ilmenite by X-ray powder method, ore-microscope and EPMA analysis. On the 
contrary, almost al the p代田Siluriangranites are plotted in the field of ilmenite帽seriesor 
near the boundary between the two series. 
ぬ Chen悶~zchara伽 isticsof the igneous rocks 
On the basis of whole rock analyses of the rocks described above and mineral analyses 
of the Devonian granites and quartzporphyries, following chemical characteristics of these 
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rocks were revealed. (Tables of chemical data will appear in another paper.) 
At similar D.I. (THORNTON and TuηLE, 1960), the Devonian granite is characteriz-
ed by higher Ti02, FeO穴MnOand Na20, by low CaO and the pre蝿Siluriangranite ex” 
hibits higher Ti02, FeO穴MnOand MgO, and lower CaO compared to average Japaneses 
granites (AllAMAKI et al., 1972). 
Alkali圃limeindex of the Devonian granite and pre圃Siluriangranite are determined as 
52.5 and 60.9, and they fal within the alkali-calcic and calc-alkalic field of PEACOCK (1931), 
respectively. 
The Devonian granites show the systematic trend of decreasing normative diopside 
content and become corundum-normative at about 62 wt% Si02, then increase its content 
with increasing Si0・2・ Almostal the pre圃Siluriangranites and quartzporphries are 
corundum-normative with few exceptions. The corundum-normative nature of the 
differentiated rocks is likely to be a fundamental character discriminating the calac-alkaline 
rock series from the tholeiitic one (UJIKE, 1975; CAWTHORN et al., 1976). 
The Devonian granites lie on the well defined trend showing a relative high degree 
of iron enrichment on the conventional AFM diagram (Fig. 7), which is rather similar to 
the tholeiitic trend. In contrast to this, the pre圃Siluriangranite is characterized by the 
rapid inpoverishment in iron relative to magnesium and lies on near typical _calc-alkaline 
trend. Most of plots of the quartzporphyries and Siluro四Devoniansilicic pyroclastic rocks 
align on the defenitive trend near the Devonian granite trend. 
On the ACF diagram, pre-Silurian granites fal within the field of S-type granite 
(CHAPPELL and WHITE, 1974), whereas the Devonian granites scatter in the fields of both 
I圃 andS四type.
In conformity with whole rock chemistry, the feromagnesian minerals such as clino-
pyroxene and hornblende in the Devonian granites and quartzporphyries are fairly rich 
FeO 
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Fig. 7. AFM diagram of the Devonian and pre回Siluriangranites. S: 
Skaergaard trend (tholeiite), T: Thingmuli trend (tholeiite), C: 
Cascade trend ( calc圃alkaline). 1. pre-Silurian granite, 2. prト
Silurian granite (data from MATSUMOTO and KANMERA, 1964; 
SHIBATA et tl., 1958; and MIYACHI, 1964), 3. Devonian granite. 
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Fig. 8. Clinopyroxenes and hornblendes in the Devonian granites plotted in the 
Ca・Mg-Fediagram, large circle: clinopyroxene, sma1 circle: hornblende. 
I: iimenitかseriesfield, II: magnetite-series field. 1-4: crystallization 
trends of clinopyroxene in some rock suites (1: Shiant Iseles Sill (mildeJy 
alkarline), GIBB, 1973; 2: Na1ndewar Vol'cano (alkaline), ABBOT1, 196,9; 3: 
Skeargaard (tholeiite), BROWN and VINCENT, 1963; and 4: Tasmanian 
Dolerite (tholeiite), McDOUGALL, 1961). 
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in FeO*. The analysed ,c}inopyroxenes are plotted more around the crystallization trends 
of the clinopyroxene in the alkaline rock than those of tholeiitic rock (Fig. 8）・ However,
A1203 contents of the clinopyroxenes are decreasing or nearly constant with increasing 
FeO* content. Consequently, the Devonian granite may belong to the norトalkalinerock 
series (TAKASAWA and HIRANO, 1977). 
In the Al(1v）ー（Na-K)diagram (Fig. 9), hornblende analyses of the Devonian granites 
and quartzporphyries are plotted in the area poor in Al(1v), but their Na+ K contents 
are variable. These chemical features are coincident with those in the magnetite-series 
granites emplaced in the shallower crustal level associated with cogenetic volcanic rocks. 
The chemical characteristic of the ilmenites and magnetites in the Devonian granites 
is its high content of Mn. This may be due to the host rock chemistry which is apprecia-
ablly rich in Mn, and also to the high oxidizing condition during the course of crystalli-
zation ( CzAMANSKE and MIHALIK, 1972; TsusUE, 1973; T AINOSHO, 1982; lMAOKA et al., 
1982). 
3. Characterization of the granitic rocks 
In the pre-Silurian granites, migmatitic structure or xenolith of high-grade metamor-
phic rocks are often observed, and thus they have the nature of mesozonal to catazonal 
plutonic rocks. On the contrary, the Devonian granites show fine-grained and sometimes 
graphic texture which are characteristic in the shallow crustal level plutonic rocks. Hence 
the Devonian granite can be considered as epizonal in nature. 
PETRO et al., (1979) proposed the petrochemical criteria to distinguish the plutonic 
rocks generated in the compressional tectonic setting from those generated in the extensio-
nal tectonic setting. Based on the criteria, the Devonian granite can be regarded as 
belonging to the extentional plutonic rock suites with respect to the iron enrichment on 
AFM diagram and low alkalトlimeindex (52.5), whereas the pre-Silurian granite can be 
regarded as belonging to the compressional plutonic rock suites with respect to the non-iron 
enrichment on AFM diagram and high alkali田limeindex (60.9). 
To sum up the descriptions of the petrographic and chemical properties of the igneous 
rocks and their constituent minerals in the foregoing pages, the Devonian granite, and also 
quartzporphyries and Silur・o・Devonianpyroclastic rocks can be classified as I-type and 
magnetite-series igneous rocks generated in the extentional tectonic setting, while the pre-
Silurian granite can be classified as S-type and ilmenite-series granite generated in the 
compressional tectonic setting. 
Field, petrographic and petrochemical evidences suggest that the Devonian granite 
and quar匂porphyrymay be the subvolcanic equivalents of the Siluro-Devonian silicic 
volcanics. In other words, they formed a tectono四magmaticunit together in middle 
Paleozoic time 
4. Significance of the Siluro・Devoniansilicic volcaniclastic rocks 
The identification and characterization of the facies in volcaniclastic sequence is very 
important as it could be a good clue to reveal the regional geology. 
62 Shin-ichi YosHIKURA 
It is highly probable that the well preserved delicate texture of pumice and bubble 
wall glass shards in tuffs indicate their pyroclastic origin, not ep1iclastic (LAJOIE, 1979) ． 
Pumice clasts in the Siluro圃Devor
tube type that has a su伍cientpermeability to become water logged quickly and settle d 
on the bottom fairly closer to its source area than nonconnected bubble-type one (Frsロ，
1969). 
The formatio,n 01n welded tuff has generally been considered that it is app,arently 
possible if only the pyroclastic flows erupt and deposit on land. In contrast to this widely 
accepted view on the genesis of welded tuf, some workers have pointed out the possibility 
and examples that the welding might have also occurred in a subaqueous environment of 
deposition (cf. MuTTI, 1965; FRANCIS and HOWELL, 1973, SPARKS et al., 1980; Run,NICK, 
1983). Though the welded tuff in the Yokokurayama Formation is associated with 
marine strata, its petrographic natures such as eutaxitic texture, dense welded matrix and 
vapor phase mineralization are similar to the diagnostic features of subaerial welded tuf. 
It is worthy to note that the predominant accidental crystals and lithic fragments 
are angular in shape and are derived fro1m the granitic rocks. Mo,reover, taking into 
consideration the fact that limestone in G3 member of the Y okokurayama and Gionyama 
Formations contain the pebble or cobble of the granitic rocks, it can be stated that there 
was a basement composed mainly of granitic rocks in Siluro-Devonian time. Further-
more, the world-wide occurrences of welded tuff tend to be restricted to the continetal 
margin or matured island arc (cf. ICHIKAWA, 1975). This means that the formation of 
welded tuff requires the presence of more or less thick crust of continental type. 
All of the above described geological and petrographical informations on the Silur・o・
Devonian volcaniclastic rocks signify the highly explosive volcanic activity in submarine 
to barely subaerial envi1ronments on the continent 1or matured island arc during Silurian 
to Devonian time ia the region of the Kurosegawa Zone. 
II. High-grade metam,Qrphic・ rocks 
1. Mode of occurrences of high-grade metamorphic rocks in some lenticular 
bodies 
The high圃grademetamorphic rocks which have been called the Terano metamorphic 
rocks (!CHI臥 WAet al., 1956) occur essentially in A-type and C-type lenticular bodies of 
ICHIKAWA (1976). A-type isl characterized by the occurrence of the garnet幽clinopy1・oxene
amphibolite and associated metamorphic rocks, while C-type is characterized by the oc圃
currence of amphibolite, biotite gneiss and granitic rocks. Though small amounts of 
high-grade metamorphic rocks also occur in other types of the lenticular bodies, they 
are volumetrically less significant. 
In this section, mode of occurrences of high-grade metamorphic rocks in the A-type 
Tsukanohara and lmose lenticular bodies and in the C-type Nabaebana lenticular body 
will be described hereinafter as representative examples. 
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(1) Tsukanohara lentlcular bo砂
In the area north of Kochi City, the Kurosegawa Tectonic Zone appears forming the 
belt which sometimes separates at least into two belts parallel to the general trend of the 
Chichibu Belt. The Tsukanohara lenticular body occurs between the northern Cretace帽
ous and southern pre-Cretaceous Takaoka Formation in the south belt. The northern 
and southern boundaries are fault in which large amounts of serpentinite紅eintruded. 
Geologic map and more detailed descriptions are given in YosHIKURA et al. (1981）・
This lenticular body is made up of four blocks set in the serpentinite. The western-
most one is composed almost entirely of the Siluro-Devonian formation, but the remaining 
three consist mainly of amphibolite. Two of them are banded due to the alternation 
of hornblende-rich layer and plagioclase欄richlayer of about 2 to 5 mm thick, and they 
rarely contain the thin intercalation of biotite gneiss. Occasionally the banding is pro田
duced also by the alternation of hornblende-rich melanocratic layer and leucocratic layer 
composed of calcite, clinopyroxene, sphene, quartz and plagioclase. 
Field as well as petrographic observations outlined above give a fairly conclusive 
evidence as to the origin of the amphibolites that they are originally basic tuff or lime四
magnesia rich sediment. The contact between these bands are typically grad_ational and 
this banding probably represents the transposed p代田metamorphiccompositional varia-
tion which was enhanced by metamorphic di鉦erentiation.
Pale greyish-green plagioclase porphyrites with white large euhedral to subhedral 
plagioclase phenocryst are intruded into the amphibolite as discordant dyke. Similar 
plagioclase porphyrite dykes are known to occur in various lenticular bodies of the Kuro-
segawa Tectonic Zone such as Otarudani and Imose lenticular bodies in Shikoku, and 
Yatsushiro (MATSUMOTO and KANMERA, 1964) and Itsuki districts in Kyushu (Fig. 1). 
Microscopically, plagioclase porphyrite occasionally contains phenocryst of zoned plagio” 
clase, corroded round quartz, long prismatic pale green hornblende and epidote (probably 
after pyroxene) in the microcrystalline quartzofeldspathic groundmass. Preservation of 
igneous texture and lack of metamorphic fabric suggest that the plagioclase porphyrite has 
not been metamorphosed under the same high metamorphic condition as the surround由
ing amphibolite. Therefore, the episode of plagioclase porpyrite intrusion is considered 
to be after the peak of high-grade metamorphism. 
Garnet and/or clinopyroxene appear in one of the amphibolite blocks devoid of the 
intercalation of biotite gneiss. The garnet-clinopyroxene amphibolite is medium-to 
coarse-grained and is characterized by the compositional layering consisting of f erromagne-
sian and quartzofeldspathic layers of about 2 to 10 cm thick, thereby suggesting their 
derivation from layered gabbro. Garnet porphyroblasts are not always present throughout 
this amphibolite, and their occurrences seem to be restricted to the specific part. The 
garnet帽freeamphibolite shows gneissose gabbroic appearance. 
The garnet-clinopyroxene amphibolite occurs in various lenticular bodies throughout 
the Kurosegawa Tectonic Zone from Kyushu to central Shikoku (Fig. 1). 
． 
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(2) Imose lenticular boの
At Imose, Hidaka-mura, Takaoka-gun, Kochi Prefecture, constituents of the Kuro-
segawa Tecotnic Zone are distributed in three belts which are divided by intervening 
Palaeozoic or Mesozoic formations. These belts are called the Obana, Imose and Doki-
yama lenticular bodies from noth to south (geologic map and more detailed descriptions 
are given in SUZUKI (1975) and YosHIKURA (1977a)). 
The Imose lenticular body consists mainly of high圃grademetamorphic and plutonic 
rock complex. Biotite gneiss and amphibolite ocurr in close genetic relationship with 
their plutonic equivalents such as granitic rocks and gneissose gabbro along a forestry 
road cutting in the southern part of the lenticular body, and these plutonic rocks have 
been considered as the derivatives by partial melting or migmatization of the high-grade 
metamorphic rocks (Suzuki, 1975). 
In the northern part of the lenticular body, the garnet-clinopyroxene amphibolite 
just similar to that of the Tsukanohara lenticular body occurs (MARUYAMA, 1976) as one 
facies in the gneissose gab bro. Since they are gradational in field setting, texture and 
mineralogy, it seems reasonable to consider that at least some of the gneissose gab.bros 
are garnet-free facies of the garnet-clinopyroxene amphibolite. As mentioned before, this 
kind of relationship between them is observed also in the Tsukanohara lenticular body. 
(3) Nabaebana lenticular bo砂
At Nishihiro, Hir叫rawa-cho,Arida-gun, Wakayama Prefecture, western part of the 
Kii Peninsula, faulting brought the constituents of the Kurosegawa Tectonic Zone into 
juxtaposition with sandstone and mudstone of the Lower Cretaceous Formation, forming 
a lenticular body called the Babebana and Nabaebana lenticular bodies (Fig. 1). Geo-
logic map and more detailed descriptions are given in YosHIKURA and YosHIDA (1979). 
In the 13abebana lenticular body, a small amount of metamorphic rocks occur, but 
they are volumetrically less significant. The Nabaebana lenticular body consists domi-
nantly of the granitic rocks and high-grade metamorphic rocks. The metamorphic rocks 
are distributed in the nothren part of the lenticular body and contact with granitic rocks 
of the southern part in fault relation.I The p代 dominanむmetamorphicrocks are fine-to 
medium-grained garnet-biotite gneiss and amphibolite and they show interfingering rela-
tionship. The amphibolite is divided into two lithologies; fine帽grainedamphibolite and 
fine圃 tomedium圃grainedbanded amphiboli主e.
Judging from their characteristic banding, intercalation of pelitic band, and lateral 
passage into garnet田biotitegneiss of pelit'ic rock origin, it is considered that the amphi帽
bolite might have been derived from basic tuf. 
2. Petrography of. representative lithc;>Jogies 
(1) Garnet-clinopyroxene amphioblite 
The garnet圃clinopyroxeneamphibolite is medium-to coarse-grained and has gneissic 
appearance. The gneisossity defined by alternation of plagioclase咽richleucocratic layer 
and ferromagnesian minerals-rich melanocratic layer ranging in thickness from 2 to 5 
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Table 1. Whole rock analyses of the garnet帽clinopyroxeneamphibolites and amphibolites. 
2 3 4 5 6 7 8 
日i02 52.1 55.7 46.7 45.3 49.8 53.3 56.5 51.2 
Ti02 0.93 0.72 0.85 0.96 1.7 2.0 1.0 1.5 
Al203 19.0 17.8 17.3 17.1 14.4 14.6 15.0 12.9 
FeO* 8.2 7.2 10.0 11.0 10.7 10.9 10.0 13.6 
R在nO 0.15 0.14 0.18 0.17 0.17 0.18 0.14 0.19 
MgO 5.5 5.7 8.8 9.5 7.5 6.0 4.9 6.9 
Cao 10.1 8.2 14.6 12.9 11.6 8.4 6.0 9.6 
Na20 3.2 3.5 1.7 1.8 3.2 3.4 6.0 3.9 
K20 0.59 0.64 0.20 0.31 0.90 1.1 0.81 0.77 
total 99.75 99.60 100.33 99.04 99.97 99.88 100.35 100.56 
島'.I 61.1 65.0 67.4 66.9 
Q 0.68 5.49 
ne 0.73 1.05 
di 11.7 7.88 27.1 21.3 
h)r 16.4 17.9 
ol 14.1 18.1 
An% 56.9 51.1 74;9 73.9 
1-2: Garnet-clinopyroxene amphibolite (garnet-poor part) (Tsukanohara) 
3-4: Garnet-clinopyroxene amphibo1ite (garnet-rich part) (Tsukanohara) 
5-6: Amphibolite (Tsukanohara) 
7-9: Amphibolite (Edagawa) 
10 : Hornblende rock (Edagawa) 
I : 100 Mg/(Mg+Fe) (mol) 
* : total Fe as FeO 
9 10 
52.8 46.2 
1.2 1.4 
14.7 13.S 
10.9 12.1 
0.17 0.18 
5.7 8.1 
8.4 7.4 
4.7 0.92 
1.0 0.17 
99.57 99.97 
mm isdeflected around the brownish red large garnet porphyroblasts (grains commonly 
1 cm, sometimes as much as 3 cm or more in diameter). 
Whole rock chemistry of the ganret-clinopyroxene amphibolite from the Tsukanohara 
lenticular body are given in Table 1. The result 1 eveals the basaltic composition of the 
investigated samples. 
The present state of mineralogy of the amphibolite is a mixture of high-grade and 
low岬gradeassemblage. A common high田grademineral assemblage is hornblende-plagio圃
clase-clinopyroxene暗garnet-quartz-(biotite)-magnetite-ilmenite-rutile. 
Garnet is often altered to chlorite along irregular crack. Kelyphite rims are ob-
served at marginal part of the garnet which contact with clinopyroxene directly and is 
composed of aggregates of zoisite, chlorite and actinolitic amphibole. Sometimes garnet 
is replaced in total. Clinopyroxene is colorless and sometimes replaced by actinolite at 
its periphery. Hornblende has brown Z-axial color and is the most predominant mineral 
in this rock. Plagioclase is andesine, though it usually alters to zoisite and albite to a 
certain extent. A small amount of reddish brown biotite occurs. Accessory minerals 
紅ebrown rutile, ilmenite and magnetite. 
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Table 2. Representati刊 chemicalanalyses 1ef the costituent minerals in the g,arnet-clino-
p・yroxene amphゐolitesand the amphib・oF1tes. Cpx: cl1inopy~oxene, Ga: garnet, 
He: horn1blende. Mg-Fe ・distribution coe伍cientsbetween garnet and cl1nopyro-
(K Ga由C~x) in白egarnet圃c!i
D恥1g-F
2 3 4 5 
Cpx ・Ga Cpix Ga Ho Ho Cpx Ga 
Si02 48.4 39.2 48.93 36.68 41.7 42.06 53.38 36.~8 
Ti0・2 0.,3 0.14 0.68 0.33 2.4 1.15 0.11 0.26 
Al203 8.8 22.5 5.46 22'.3'9 14.9 14.6, 0.91 2,1.06 
FeO* 8.t> 21.4 8.78 22.10 12.5 13.07 9.14 23.62 
MnO 0.0.2 0.54 0.14 0.51 0.07 0.0ア 0.28 1.3'6 
h在g・O 11., 9・.1 12.32 ・9:.7.o 11.6 12.50 12.28 3 . 0.7 
Cao 21.3 7.3 22.1.7 6.9'1 11.8 11.06 23.44 13.55 
Na20 0.8'3 tr. 仏83 tr. 2.2 1.63 0.3・9 tr. 
K20 tr. tr. tr. t. rij.47 1.c12 tr. tr. 
tat al 100.78 100.18 99.31 98.6.2 97.64 97.83 99.92 99.98 
0=6 0=:;;12 0=23 
Si 1.789 2.975 1.841 2.854 6.142 6.185 2.000 2.928 
Al1v 0.211 0.02S 0.153 0.146 1.8'58 1.815' 一 0.072 
A1v1 0.171 a.987 0.0901 1 i ~！）.07 0.,727 仏730 0.040 1 . 8193 
Ti 0.026 0.00$ 0.019 ・0.019 0.265 0.194 0.003 oρ15 
Fe2+ 0.266 1.358 0.277 1.438 1.538 1.'608' 0.286 1.5.64 
島'In・ ~）.001 0.035 0 . ,004 0.0,3,4 ~）.008 0.00・9 0.009 仏091
Mg 0.()5.6 1.030 0.693' 1.125 2.544 2.739・ 0.685 0.362 
Ca 0.844 O •. s・94 0.$9'7 0.5'7・6 1.8'61 1.ア＇41 0.940 1.149 
Na 0.059 0.06'1 
’z 一 0.62'6 ・0.459 0.02.8 
K 一 0.()27 0.194 
Kn Ga・Cpx
民!lg-F_e 4.3 4.5 
1 : Tsukanohara (Y oshikura et al., 1981 ), 2 : Imose (Y oshik1ura, 1971 a) 
3 :' Ts11kanoharar (Yosb¥kura et al., 1'981).,. 4: lmose (Y osh法ura,19・7i'a) 
S: In1ose (Yoshikura, 1~77a) 
The repres・entative ehemiea~ analyses of garnets, clinofyroxenes・ and h:ornlD~endes in 
the .amphibolites fro.m TsMkafl!0hara釧dImose 1lentict1!lar bodies a,re lis,ted in 'Lable 2. 
The garaet is high in MgO up t~ 9 wt% or more and belongs ~o the pyrope-aJmandine 
series with an app・reciabJe amount of grandite molecl ,Ile. 1Clinopyr0xene is eharacteristical-
ly・ a11umioous and sa[itic i.1m ,coropositioft. Cai i侃ぬnfrom the tota~ amount of N.a (Caw-
TffO,RN and CoLLElflS'ON, 197 4)i1 1ie.、atesthe jadeite eo.inponent ranging from 4 to 7 mol% 
which would be maximt占imvalues. Hernblende 』sclose to pargasite. I tshigh eonetnt 
in・ T』02up1 to 2.8 wt'%, indiactes the formati釧1ulnder high，闘gradetnetamorphic condi-
t・ions as. pointed ・out b・y various WcJikers (cf. RAssE, 19・7の．
'fhe existence ・of kelyp,hite rims a~ound the garRet adjacent to clinopyroxene suggests 
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that the garnet and clinopyroxene became unstable after the peak of the metamorphism 
and reacted with each other with resultant formation of the lower grade assemblage, 
probably orthopyroxene + calcic plagioclase as examplified often in the basic granulite 
(cf. 0KRUSH et al., 1979; SAVAGE and SILLS, 1980). But whether orthopyroxene and 
calcic plagioclase existed or not is uncertain, because only pools composed of chlorite, 
actinolitic amphibole and zoisite can be observed at present. Sometimes that reaction 
has led to the total consumption of garnet. 
Under low-grade metamorhpic condition during the subsequent episode, following 
phenomena are observed in the amphibolite; Chlorite occasionally replaces garnet along 
irregular cracks. Plagioclase is sericitized to decompose into albite, zoisite and muscovite. 
Magnetite is transformed into sphene at its periphery. Actinolite needles, chlorite and 
zoisite occur in the kelyphite rim frniging garnet. Prehnite veins appear cross岨cutting
the gneissosity of the amphibolite. Consequently, the last stage of metamorphism is 
considered to have formed the mineral assemblage of prehnite-zoisite四chlorite四albite圃
actinolite-sphene-muscovite. 
The k”Ar age of the pargasitic hornblende in the garnet-clinopyroxene amphibolite 
from the Tsukanohara lenticular body is dated as 409±21 Ma (YosHIKURA et al., 1981). 
As this radiometric age is consistent with those of so-called Terano metamorphic rocks, 
the amphibolite can be assigned to a member of the Terano metmaporphic rocks. 
(2) Amphibolite 
The amphibolite, which is one of the member of the Terano metamorphic rocks, 
can be clearly distinguished from the garnet-clinopyroxene amphibolite above described 
by the occurrence and petrographic feature. The most pronounced difference between 
them is the occurrence. Namely, close association of the amphibolite with pelitic gneiss 
observed at various places indicates that the amphibolite deposited originally in a region 
of pellite sedimentation, whereas the garnet-clinopyroxene amphibolite is never accom” 
panied with pelitic gneiss and may be derived from layered gabbro, as mentioned already. 
The amphibolite consists chiefly of hornblende, plagioclase, quartz, ( clinopyroxene ),
(garnet), (K-feldsp刈，（calcite)and ( sphene) with minor amounts of epidote, chlorite, 
zoisite, muscovite, apatite, zircon and opaque minerals. Prehnite, albite”quartz or epidote 
veins commonly appear cross-cutting the banding of the amphibolite, especially in sheared 
part. 
The finかgrainedamphibolite is generally characterized by the nematoblastic texture 
composed of long prismatic hornblende, plagioclase and some other minor minerals, medi-
um圃 tocoarse圃grainedone shows granoblastic texture. 
The overprint of the low情grademetamorphism of the later stage on the amphibolite 
can be observed ubiquitously with resulting formation of albite, actinolite, chlorite, epi-
dote, prehnite, zoisite and muscovite. 
The following high-grade mineral assemblages are characteristic of the paragenesis 
observed. 
(a) hornblende 
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(b) hornblende-clinopyroxene 
( c) hornblende-garnet 
( d) hornblende-garnet-clinopyroxene 
( e) hornblende-clinopyroxene圃calcite-sphene
(f) hornblende-biotite-K-feldspar 
All of them are usually found together with one or more of the following minerals: 
quartz, plagioclase, zircon, apatite and opaque minerals. In these assemblages (a) is the 
most predominant and ( e)is restricted to calcareous rocks. KARAKIDA et al. (1979) also 
described nearly the same mineral paragenesis in the amphibolite from the Tsubokinohana 
lenticular body in the Y atsushiro district. 
Representative chemical analyses of the amphibolites from the Tsukanohara and 
Edagawa (west of Kochi City) lenticular bodies are listed in Table 1. It is obvious that 
the amphibolites of the Tsukanohara lenticular body are characterized by higher Ti02 
content reflecting their high modal content of sphene and ilmenite. 
Hornblede is of common green variety and is fine-to medium-grained, idioblastic to 
xenoblastic, aligned, and sometimes poikiloblastic or porphyroblastic. Fibrous actinolite 
around the hornblende, and chlorite or epidote interleaved along its cleavage are often 
observable as the retrogressive products. The plagioclase is fine-to medium-grained and 
xenoblastic to subidioblastic, forming a granoblastic mosaic texture and locally porphy-
roblastic. Bent and fractu,re grains are present in rocks that have undergone shearing. 
Though plagioclase is suffered intense saussuritization in general, the least altered one 
is sodic oligoclase to sodic andesine in composition. Therefore, the original composition 
seem to be more calcic. The garnet is rounded xenoblastic ia shape and scattered ir-
regularly. Under the microscope it is colorless and often altered to chlorite along cracks. 
Chemical composition of garnet in the amphibolite from the Imose lenticular body is 
shown in Table 2. It is rich in FeO, CaO and乱1n0,and poor in MgO, as compared 
with the garaet in the garnet-clinopyroxene amphilbolite. This chem1ical feature is simト
lar to that of garnet in the amphibolite occurring in the Tsubokinohana lenticular body 
in the Yatsushiro district (KARAKIDA et al., 1979). Clinopyroxene shows various texture 
and mode of occurrences such as idioblastic to poikiloblastic crystals in.. the calcareous 
amphibolite, rounded minute crystals contained in the hornblende poikilitically and relict 
minerals in the core of hornblende. Chemical composition of the clinopyroxene in the 
amphibolite from the Imose lenticular body is characterized by high content of CaO and 
Si02, and poor in A1203 as shown ia Table 3. 
(3) Biotite gneiss 
The biotite gneiss is best exposed along the no此herncoas1t of the Nabaebana lenti-
cular body. Here, it is fine-to medium-grained and is gneissose characterized by the 
alternation of quartzofeldspathic leucocratic layer with biotite-and/or garnet-rich melano-
cratic layer. 
It consists mainly of pl<l;gioclase, quartz, biotite, (K・feldspar),(garnet) and (muscovite). 
Tourmaline, apatite, zircon and opaque minerals are rare accessory minerals. Chlorite, 
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epidote, prehnite and sericite are contained as the secondary minerals. 
The following high-grade mineral assemblages are observed in the rocks examined: 
(a) biotite 
(b) biotiet-garnet 
( c) biotite圃muscovite
(d) biotite-K圃feldspar
Quartz and plagioclase are usually contained in al of the assemblages. 
The gneiss also has secondary low-grade mineral assemblages which are characterized 
by the assemblage of chlorite-epidote-prehnite overprinted on the above mentioned para-
geneses. 
Garnet is reddish brown with naked eye. Under the microscope it is colorless, 
rounded xenoblastic or poikiloblastic, and is often altered to chlorite along irregular cracks 
and periphery. It is predominantly almandine with pyrope molecule of approximately 20 
mo1% and minor amount of spessarti 
with Fe and Mn concentrated in rim and MgO in core (YosHIKURA and YosI王IDA’1979).
Reddish brown to dark brown biotite occurs as idioblastic to xenoblastic plates of variable 
size whose planar preferred orientation results in a well-developed lepidoblぉticfabric. It 
is unaltered in most of the case, but in part it is chloritized. In rocks showing the shear-
ing and hydrothermal alteration, biotite is completely chloritized. Prehnite occurs as 
elongate lenses within biotite, parallel to its cleavage. Plagioclase is often altered to 
sericite, but fresh one is andesine in composition. 
3. Metamorphic conditions 
The author intends, in this section, to provide some estimates of the metamorphic 
conditions of the high-grade metamorphic rocks in the Kurosegawa Tectonic Zone, 
especially of the garnet-clinopyroxene amphibolite, taking some experimental studies 
as a伊ide.
Based on the mineral assemblage and the distribution coe伍cientof Fe2+ and Mg 
between coexisting garnet and clinopyroxene, some investigators have pointed out that 
the garnet圃clinopyroxeneamphibolite might have crystallized under the granulite facies 
condition (MARUYAMA, 1975; K総則DA,1975; YosHIKURA, 1977b; YosHIKtTRA et al., 
1981 ).
The estimation of pressure of the amphibolitc is di伍cultdue to the lack of appro-
priate geobarometer. However, some experimental studies constrain the pressure value 
of its formation. 
On the basis of the experimental study, GREEN and RINGWOOD (1967) subdivided 
the granulite facies into three subfacies; low-pressure granulite ( olivine-plagioclase ),
intermediate-pressure granulite ( orthopyroxene-calcic plagioclase is stable but olivine-
plagioclase is incompatible) and high四pressuregranulite (garnet-clinopyroxene-plagio骨
clase-quar 
result supports the subdivision of the granulite facies after W AARD’s (1965a, b ).
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But GREEN and RINGWOOD (1967) concurrently showed the appearance of garnet 
is strongly controlled by the chem1ical composition of the rock such as degree of silica 
saturation, Ab/(Ab +An) ratio of the plagioclase and MgO/(MgO十FeO)ratio of the 
rock. According to their experiments, the low MgO/(MgO+FeO) ratio, undersatura-
tion of silica (olivine or nepheline normative) and low Ab/(Ab+An) ratio are favorable 
for garnet to appear at relatively lower pressure. 
The lOOMgO/(MgO+ FeO) ratio of the quartz normative amphibolites (1 and 2 
in Table 1) is 61 and 65, and is nearly coincident with or a litle higher than those of 
quartz tholeiite (A) and (B) used as starting materials in the experiments of GREEN and 
RINGWOOD (1967). The normative An content is also nearly the same or a litle lower 
than those of quartz normative samples. (An57 and An51 are compared to An64 in.1 
quartz tholeiite-A and An52 in quartz tholeiite-B). Consequently, the garnet should 
have appeared at somewhat higher pressure in the subject amphibolite than the quartz 
tholeiite-A and -B (9.5 kb at 800。Cand 12.5 kb at 1000。C).
IRVING (1974) experimentally investigated the subsolidus phase relations of the 
two-pyroxene granulite which is contained as the xenoliths in the basaltic pipe. It has 
a olivine tholeiitic composition with lOOMgO/(MgO + FeO) of 67.5 and normative An57, 
similar to those of the garnet-clinopyroxene amphibolites No. 5 and 7 of the present 
study (Table 1 ). According to the results of this experiment, the pressure of the 白・st
appearance of garnet is 9 kb at 800°C (Fig. 12 in IRVING (1974)). In this case, ho"1ever, 
orthopyroxene also coexists with garnet, clinopyroxene and plagioclase. The mineral 
assemblage of garnet圃clinopyroxene-plagioclaseis stable under higher pressure condi圃
tion than that of disappearance of orthopyroxene of 11 Kb at 800。Cand 9.5 kb at 1000°c. 
On the lnKn versus Xca diagram at 10 Kb pressure (Fig. 10), "1hich is redrawn 
employing the equation of ELLIS and GREEN (1979), the garnet-clinopyroxene amphi-
bolite from the Tsukanohara and Imose lenticular bodies cluster around 800 + 50°C 
isotherm, maximum temperature being approximately 850°C. Due to the peripheral 
compositional variations in both garnet and clinopyroxene, the Kn value on adjacent 
garnet a.nd c[inopyroxene rim p,air giives higher value than on core pair and in1dicates 
the lower equilibrium temperature. As shown in Fig. 10, the wide variation of the tem圃
perature obtained by garnet-clinopyroxene geothermometer must be attributed to re-
equilibrium at lower temperature condition during the retrogressive metamorphism, 
leading to the local exchange of Fe2+ and Mg2+ between contiguous garnet and clinopy-
roxene. 
To summarize the above, the assemblage of garnet-clinopyroxene四plagioclase-
quartz園hornblendeequilibrated at the peak of the metamorphism in the subject amphib-
olite was formed under the P-T condition. of the divariant garnet-granulite (high-pressure 
granu】巾） field after GREiEN and RINGWOOD (19'67), while the water plfessure was main-
tained high enough to stabilize the pargasitic hornblende. The pressure and temperature 
may be estimated to be 10 Kb and 850°C or more. 
The minimum pressure estimation for the main phase of metamorphism of the 
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Fig. 10. Plot of representative analysed gamet-clinopyroxene 
pairs of the garnet-clinopyroxene amphibolite from 
va1rious localities of the Kurosegawa Tectonic Zone 
on a In Ko (Ga/Cpx) versus Xca (Ga) diagram re-
drawn employing the relation of ELLIS and GREEN 
(1979), and at 10 Kb pressure value. 1 : Tsukanohara 
lenticular body, 2. Imose I~nticular body, 3 : (data 
from乱1ARUYAMA,1976). Imose lenticular body, R: 
rim analysis, C: core analysis. 
garnet-clinopyroxene amphibolite corresponds to a minimum depth of about 35 km 
if an average density of 2.85 g/cm3 is assumed for the overlying rock column. The esti-
mated P-T values of the amphibolite allow to certain constraints to be placed on the 
geothermal regime prevailing at the time of the metamorphism. That is to say, the 
average geothermal gradient was approximately 24°C/km or les, the thickness of the 
crust more than 35 km. 
In terms of the metamorphic grade, other metamorphic rocks such as amphibolite 
and biotite gneiss from the investigated areas in this study may be in the amphibolite 
facies though there are no reliable index minerals nor critical mineral assemblages. This 
is supported by the occurrence of the almandinous garnet with appreciable amount of 
pyrope molecule in the metapelite of amphibolite or higher grade facies (K総 AKIDA,
1975; YosHIKURA and YosHIDA, 1979). 
KARAKIDA (1977b) found the stau叫 itebearing metapelite from the Kinseki lenticu-
lar body of the Kurosegawa Tectonic Zone in the eastern Shikoku. The mineral as-
semblage of this rock is garnet-staurolite-muscovite四biotitewith quartz and plagioclase. 
In the medium-pressure type of metamorphism (or kyanite-sillimanite type) (MIYA輔
SHIRO, 1973), illustrated typically by Barrow’s zone in Scotland (Barrovian勺rpe), stau1 o-
lite is commonly present in the amphibolite facies metapelite ofte.n associated with 
almandine and kyanite, while in the low幅pressure(or andalusite-sillimanite type) or 
low-pressure intermediate type (Buchan勺rpe), staurolite and cordierite may be present 
一
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simultaneously along with andalusite. 
As Kinseki staurolite coexists with garnet and without cordierite, it can be considered 
that the metapelite probably belongs to the amphibolite facies of medium-pressure type 
(Barrovian-type) (K郎氏IDA, 1977a). In・ the medium-pressure type metamorphism, 
there is coexisting of staurolite with muscovite in the lower-sillimanite zone character-
istically, but this staurolite no longer stable in the upper-sillimanite zone. Namely, 
the upper stability limit of staurolite is within the sillimanite field on the phase diagram 
of A12Si05・ TheP-T conditions of lower-sillimanite zone are estimated to be approxi-
mately 600°C and 6 Kb (cf. TRACY et al., 1976). Consequently, the staurolite bearing 
metapelite of the Kurosegawa Tectonic Zone was formed at nearly the same temperature 
and pressure of above mentioned estimation. The occurrence of normally zoned garnet 
coexisting with staurolite (K服店IDA,1977b) allows to consider that the temperature 
of the metamorphism is relatively low (TRACY et al., 1976). 
KARAKIDA (1977a; 1981) pointed out that the metamorphic rocks including the 
garnet-clinopyroxene amphibolite of the granulite facies and other amphibolite facies 
metamorphic rocks in the Kurosegawa Tectonic Zone can be assigned to the medium-
pressure facies series of MIYASHIRO (1973). 
IV. Reconstruction of the Kurosegawa m-icro圃continent
Recently, al over the world, especially in circum Pacific regions, many allochthonous 
terranes as the result of the accretion by the collision of several exotic terranes including 
the micro・continents,were found. Then it becomes to b・e considered that the collision 
of various elements have a major role in the tectonic evolution of the orogenic belt and 
in mountain build均（NuRand Ben AVRAHAM, 1982). 
Although it is difficult to decide conclusively now whetb;er the constituents of the 
Kurosegawa Tectonic Zone were once true micro-continent or not, in this section, the 
author attempt to paint broad-brush picture of the nature on the “Kurosegawa micro-
continent”from the view point that the constituents of the Kurosegawa Tectonic Z,one 
are fragmented small pieces、ofthe lost micro圃continent.
For this work, it is important to eliminate, among various constituents of the Kurose-
gawa Te.cton1ic Zone, those ,ones, which are deduced to have formed a geolo,gic unit to・
gether in pre-Jurassic time. In this concern, at least the Siluro・Devonianstrata, pre-
Silurian granite, Devonian granite, high-grade metamorphic rocks and their associated 
dyke rocks such as quartzporphy,ry and plagioclase-porphyrite C釦 becited as that kind 
of constituent elements according to the following reasons; a) The Siluro・Devonian
sequence rests unconformably on the pre-Silurian granite, b) Some of the high田grade
metamorphic rocks are contained as xenolith in the pt・e-Siluriangranite and they show 
an intimate genetic relation with each other, c) The Devonia.n granite and quartzporphyry 
intruded into the Siluro・Devoniansequence, and they can be 1egarded as the subvolcanic 
equivalent of the Siluro-Devonian silicic volcanic rocks, d) The plagioclase-porphyrite・s 
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intrude into the garnet-clinopyroxene amphibolite (at the Imose and Otarudani lenticular 
bodies), gneiss-granite (pre-Silurian granite) complex (of the Imose lenticular body) 
and amphibolite (of the Tsukanohara lenticular body), whereas, intrusive relation be-
tween the plagioclase嗣porphyriteand the surrounding strata of the Kurosegawa Tec-
tonic Zone has never been observed. 
The association of these elements and their geological characteristics are of conti-
nental a伍nityin contrast with the terranes of oceanic affinity around the Kurosegawa 
Tectonic Zone. So these elements can be regarded as constituents at various depth of 
certain continental crust which existed in the past. 
The paleomagnetic inclination measured on the Silurian vitric tuff (Gl-G2), welded 
tuff (Gl--G2) and limestone (G3) of the Yokokurayama Formation indicates low i似 ude
from 5° to 15° (SHIBUYA, SASAJIMA and YosHIKURA, 1983). The paleomagnetic data in 
Southwest Japan summarized by SASAJIMA (1981) demonstrated that the paleolatitude 
was low during Carboniferous to Jurassic times. The lower latitudinal paleoposition 
of Southwest Japan may have continued at least since the Silurian. The Kurosegawa 
Zone was situated far to the south from the present position (at near equatorial re-
gions) in middle Paleozoic time. The existence of the limestone formed under the coral 
reef environment (HAMADA, 1975) in the Siluro四Devoniansequence of the Kurosegawa 
Tectonic Zone is not contradictory to the paleoposition deduced from the paleomagnetic 
study. This is furthermore adovocated by the occurrence of the lateritic materials and 
the reddened granite breccias in the G3 limestone of the Yokokurayama Formation (cf. 
chapter II・1). They are interpreted to have been formed under tropical climate and 
most probably supplied from the strongly weathered bed rock in a small distance (cf. 
lwAo, 1978). Under the tropical and subtropical humid climate, along the coastal areas 
with smooth surface and shallow sedimentary basins, lateritization, kaolinization and 
calcareous sedimentation might have proceeded in parallel. In consequence of this, 
calcereous sediments might be mixed at times and in places with lateritic materials which 
were supplied intermittently from the hinterland (IwAo, 1978). 
Recently, SAITO and HASHIMOTO (1982) suggested referring to the paleontological 
and some paleomagnetic data that the South Kitakami and Abu】cumaregions, where 
the Siluro・Devoniansequence shows continental characteristics, are allochthonous ter・
ranes and fragments of a lost continent located near Gondwana during Silurian to early 
Carboniferous times. 
Though the interpretation of the geological history in the context of plate tectonics 
of Southwest Japan, especially of pre-Jurassic tin1e, is stil highly speculative, some in-
vestigators recently proposed various models (cf. ICHIKAWA, 1982; SASAJIMA, 1982). 
Among them, SASAJIMA (1982) suggested, based on the paleomagnetic study, that con圃
stituents of the Kurosegawa Zone as well as Paleo圃RyokeZone, were situated as an island 
arc (or a micro圃continent)far to the south from the present position, migrated north-
ward and then collided with the “Hida continent'' (=ancient Asiatic continent) during 
Jurassic time. According to him, the oceanic spreading center related to the migration 
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of the Kurosegaw.a Zone is supposed to have existed to the north o.f Australia. He also 
suggested the possibility that the Kurosegawa Zone was separated from the source coか
tinent as an island arc by the activity of this ocean~c ・sp・,readi「ngcenter. 
If this is the case, the Kurosegawa Zone might be detached fro,m the ancient Aust-
ralian continent or certain common source to them. In this connection, it should be 
no臼dthat the Silurian coral aAd trilobite faunas of the S'o:uth Kitakami region and the 
Kurosegawa Tectonic Z.one have a伍nitywith those o.f the so凶heastAustralia (HAMADA, 
1958; MINATO・, 19751; KOBAYASHI and HA-MAD1A, 1・9・7の.Therefore・, geological charac四
teristics of southeast Australia during Silu.rian to Devonian times is given 1helow in order 
to compare them with those of the Japanese Is】ands.
Acco.1 
basement provinces, each dominated b1y a major plutonic episode and associated tec圃
tonism. '1可h・句e
terozoic) and Tasman (late Proterozoic an,cl Phanerozoic) provi日cesfrom west to east. 
Tasman province (Tasman Fold Be】t)is fur白ermoredivided in.to three sub~provinces: 
D.elamerian, Lach】anand New Eng.I 
(Lachlan Fold Belt), the Silur.o-Devoniam sequence,. resembling that of the Japanes・e 
Isl2 
La 
LIGAN and Sci王EIBNER,1978; V ANDENBER・G, 19'78; CAMPBELL, 19ア6). The sequence from 
Cambrian to early ・Ordovician times is. characterized by metasedimen.ts containing dis-
member吋 opbioilites,they ap・pear to be the remains 01f continental slope an1d oceanic 
basin complex, respectively. D1uring Ordovician to early 18,ilur匂ntimes 島rschsediments 
associated with the calc-alka[ine vo~canism W'ere dominated. M負jo1rtec1o凶1cmov:ei ent s 
took P】acein latest ・Ordovician 1or early S]l1 
early Silurian (Quiidogan Orogeny). Consequently, in. the wide area of the Lach.Ian Fold 
B・elt {especially in N・eW South Wales), the se·quenc~ begi1 lning with the middle :S,ilurian 
rests unconformably ・o.n the Ordovician sequen・ce, and earl~ Silurian strata are ・occasionally 
absent. D.uring the B·en~mb!an ・Orogeny, high temperature-low p・ressure regional 
metamorp1hism took place aceompanied with local development .of the anatectic granite 
and migmatite. 
Middle Si】urianto・ middle D:,evonian crog.enic co,mplex is umconformah・le with the 
b,asemeot. The 8iluro"'・De¥oniian sequ.ence is characterized by the s,hallow marine sedi-
ments including limestone (reef limestone) and vo[caniclastic sediments in which the 
silicic vo】cani are imterbe,dded. Thus dur・ingSi•lur~an and D'evoniian t~mes ほp】osive
silicic volcanism took place prob.ah~y as a result of commencement of rifting, with the 
development of the sedimentary basin and at the same time, probable coimagmatic granite 
were intrude.cl. Tlle v叫canies.of '€>n€ of these areas are predominantly subareal whereas 
those of the other areas largely submarine. Welded tuff occurs commonly in the f 01rmer 
area. During 鋭luriantime several tensio.iri.al stratotectonic features developed that 
were either volcanic rifting or miar,ginal sea. Volcanism .and plutonism co.ntinued into 
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middle Devonian time when al above mentioned stratotectonic units terminated and 
were deformed and subjected to low grade (lower than lower greenschist facies) regional 
metamorphism during the Tabberabberan Orogeny. Late Devonian to early Carboni-
ferous strata are characterized by non-mar泊eor shallow water marine sediments of mol-
asse type with occasional intercalation of conglomerate. 
The stratigraphic sequence, lithology, and paleobiofacies of the Siluro四 Devonian
sequences of the Japanese Islands are similar to each other. They commonly consist 
of the shallow marine sediments including reef limestones and silicic volcanics accom-
panied with welded tuff. These lithological aspects are similar to those of the above 
described Siluro-Devonian sequence of the Lachlan Fold Belt. 
As already stated, the similarity of the Silurian coral and trilobite faunas between 
the Japanese Islands and the southeast Australia have been emphasized by several investi由
gators. For instance, KOBAYASHI and HAMADA (1974) pointed out thatぬelate Silurian 
trilobites of the Japanese Islands reveal some similarity to those of New South Wales 
(i1n the Lachlan Foid Belt). 
As previously mentioned, in the Yokokurayama lenticular body, the Siluro四Devonian
sequence beginning with the Upper Lalandoverian unconformably covers the Gomi 
Granite (pre-Silurian granite). Recently, some workers (cf. MURATA et al., 1974; KITA-
KAMI PALEOZOIC RESEARCH GROUP, 1982) have pointed out that the Siluro・Devonian
sequence of the South Kitakami region rests unconformably on the Hikami Granite 
(or its correlatives). 1'he Silurian strata of the South Kitakami region are correlated 
to Wenlockian or lower to middle Llandoverian (HAMADA, 1958; KAWAMURA, 1983). 
No lower Silurian fossil has been reported from these regions, while reworked Ordovician 
conodonts have been recently reported from the lower part of the Siluro-Devonian se-
quence of the Yokokurayama lenticular body (KuwANO, 1983). Absence of the lower 
(or lowermost) Silurian strata and the occurrence of the derived Ordovician conodont 
fossils suggest the interruption of the sedimentation during the late Ordovician to early 
Silurian times. In other words, the tectonic movement might have taken place during 
this time interval which would be comparable with the Benambran Orogeny in the Lachlan 
Fold Belt. 
As discussed in chapter H・2,the products of the silicic igneous activity in the Kuro四
segawa Zone during Silurian and Devonian times belong to both I田typeand magnetite-
series igneous rocks and are regarded as extensional igneous suites. It can be considered 
that the igneous activity took place in connection with rifting and resultant formation 
of the Siluro-Devonian marine sedimentary basin. In the Lachlan Fold Belt, several 
extensional stratotectonic features developed during Silurian time that are related to 
rifting and silicic volcanism. Although, this status has not been so far investigated 
from petrological view point. 
The igneous activity associated with intracontinental rifting is commonly charac-
terized by the magma with alkaline composition. In certain instances, however, large 
volume of subalkaline silicic volcanics (dominated in pyroclぉticrocks including welded 
76 Shin-ichi YosHIKURA 
知的areproduced in association with rifting (HANSON and AL-SHAIEB, 1980). 
For example, the Jurassic Tobifera volcanics of southern South America are coか
sidered as a product of the large volume of subalkaline silicic magma that formed under 
condition of regional extension, possibly related to the opening of the South Atlantic 
(BRUHN et al., 1978). Similar magmatic圃tectonicassociation is also known to exist ia 
southern Oklahoma aulacogen, North America (HANSON and AL-SHAIEB, 1980). In 
this region, silicic volcano-plutonic formation, consisting of the Carlton Rhyolite and 
Wichita Granite Group, was interpreted to have formed in association with rifting. The 
chemical analyses indicate that these silicic rocks are wholly subalkaline in character. 
It should be pointed out that they are fairly rich in FeO* (total Fe as FeO) even in the 
rocks having high silica content. Thus the whole rock analyses ,are plotted on the trend 
of extensional igneous rock suites in the AFM diagram of PETRO et al. (1979). Another 
example of the silicic subalkaline igneous activity related to rifting is voluminous rhyolites 
associated with the Karroo volcanic cycle (Cox, 1972). 
In view of these examples, it can be concluded that voluminous subalkaline silicic 
volcanics (mainly rhyolitic rocks) ,and associated plutonic rocks ( coimmonly granitic rocks) 
are not restricted to volcanic arcs formed at convergent plate boundaries but also may 
occur in intracontinental rifting environments. Thus, the presence of linear belts of 
such volcanics preserved in the rock record may not necessarily indicate the former exist-
ence of subduction zone (HANSON and AL-SHAIEB, 1980). 
To sum up, it is emphasized that the similar stratotectonic features dur-ing Silurian 
to Devonian times can be recognized between the Japanese Islands and the Lachlan 
Fold Belt of southeast Australia. It might be stated that both areas went through a 
common geological history at least in middle Paleozoic time. This may suggest that 
the Kurosegawa Zone as well as the South Kitakami region might have been a part of 
the ancient Australia continent or a common source continent to them. 
Pacifica (NUR and BEN-ABRAHAM, 1977), despite the vastly greater uncertainty of 
its location, is inferred to be located at the easternmost side of Gondwana adjacent to 
the east Australia (NuR and BEN岨AVRAHAM,1982). Consequently, the most probable 
source continent of the KuFosegawa Zone may be Pacifica. Continental fragment incluι 
ing an ancient Kurosegawa Zone detached from Pacifica is named as the “Kurosegawa 
micro-continent”. The crustal thickness of the Kurosegawa micro-continent was prob-
ably more than 35 Km (see chapter 111-3), comparable to that of present day continental 
crust. The crustal ctoss-cut ,section of the mic1io-cont1nent was, composed of granulite 
facies metamorphic rocks at the lowermost part, while the middle to upper part was 
dominated by amphibolite facies metamorphic rocks and granitic rocks (pre-Silurian 
granite), and its uppermost part was occupied by supracrustal rocks including the silicic 
volcanics. 
It can be inferred that the silicic igneous activity during Silurian to Devonian times 
took place in connection with initial stage of intracontinental rifting in the source contト
nent and that the Kurosegawa Tectonic Zone commenced to detached from the source 
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continent at that time. 
If this the case, the Kurosegawa micro-continent was stil situated in the region 
far to the south from the present position until early Jurassic time judging from the paleo四
magnetic study (SASAJIMA, 1981). Subsequently, it drifted northward and eventually 
collided with an ancient Asiatic continental margin. Then it was fragmented into vari-
ous sizes of the tectonic blocks by the strike-slip movement (TAIRA et al., 1981 ).
Through this process, present day Kurosegawa Tectonic Zone having the nature of 
serpentinite melange zone has been formed. 
V. Concluding remarks 
(1) Geology of several lenticular bodies of the Kurosegawa Tectonic Zone is de-
scribed on the basis of my field work for the purpose of revealing the petrological char-
acteristics of the Siluro咽Devoniansilicic volcanics, granitic rocks and high-grade meta-
morphic rocks and of discussing their significance in the tectonic evolution of the pre四
Jurassic Kurosegawa Zone. 
(2) The Siluro田Devoniansilicic pyroclぉticrocks, which are mainly composed of 
vi tric tuf, vi tric田crystaltuf, pumiceous vitric-crystal tuff and welded tuf, were probably 
formed by highly explosive eruption of vesiculating silicic magma from vents or fissures 
and were deposited in shallow marine regime or on land, and covered the basement of 
continental a伍nity. The quartzporphyry which might be cogenetic with silicic pyro-
clastic rocks intruded into these thick pyroclastic piles at many places. 
(3) The granitic rocks in the Kurosegawa Tectonic Zone can be divided into the 
pre-Silurian granite and the Devonian granite on the basis of their mode of occurrence, 
and petrographical and petrochemical characteristics. 
(4) The pre-Silurian granite is mesozonal or catazonal plutonic rock and is un” 
conformably covered by the Siluro圃Devoniansequence, whereas the Devonian granite 
is epizonal plutonic rock and is intruded into it. 
(5) The pre-Silurian granite shows the nature of typical calc-alkaline rock series. 
It belongs to the ilmenite-series and S-type granites, and is referred to the compressional 
plutonic rock suites. The Devonian gi・anite belongs to the magnetite四seriesand I-type 
granites, and is referred to the extensional plutonic rock suites. 
(6) The ferromagnesian silicate minerals such as clinopyroxene and hornblende 
contained in the Devonian granite and quartzporphyry are considerably rich in iron 
reflecting their host rock chemistry. The chemical features of hornblende in the Devo-
nian granite, rich in Si and poor in Al, are similar to those of the rocks formed under 
relatively high oxygen fugacity and at shallow crustal level. These conditions of forma哩
tion are also reflected in Fe-Ti oxide mineralogy. 
(7) Taking the mode of occurrence, whole rock and mineral chemistries into con-
sideration, the generation of the p代田Siluriangranite tnay have been closely related to the 
high-grade metamorphism under relatively reducing condition, whereas the Devonian 
granite and also quartzporphyry were formed in relation to the contemporeneous silicic 
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volcanic activity under the oxidizing condition. In other words, the Devonian granite 
and quartzporphyry may be the subvolcanic equivalents of the Siluro四Devoniansilicic 
volcanics, with which they formed a tectono-magmatic unit in Silurian and Devonian 
times. 
(8) The high-grade metamorphic rocks in the Kurosegawa Tectonic Zone belong 
to amphibolite facies and granulite facies of intermediate pressure facies series. Of 
these, granulite facies metamorphic rocks were equilibrated approximately at lQ, Kb, 
850°C, or more, and amphibolite facies one at about 6 Kb, 600。c.
(9) Some field evidences show that, among various kinds of the tectonic blocks of 
the Kurosegawa Tectonic Zone, at least the Siluro圃Devoniansequence, pre-Silurian 
granite, Devonian granite, high由grademetamorphic rocks and their associated dyke 
rocks were constituent elements of certain geologic unit, possibly a part of the ancient 
continent. 
(10) These rocks are considered as the constituents at various depth of the above-
mentioned continental crust. Paleomagnetic study indicates that this continent was 
situated far to the south from. the present position of the Kurosegawa Tectonic Zone 
during Silurian and Devonian times. 
(11) It is pointed out that, during Silurian and Devonian times, common strato-
tectonic features can be recognized between the Kurosegawa Zone and the Lachlan・ Fold 
Belt of the southeast Australia. 
(12) It is discussed that the older elements of the Kurosegawa Zone were detached 
from the ancient Australia continent or a lost continent, Pacifica, as a micro-continent 
for which the named “Kurosegawa mic~o-continent” is proposed. 
(13) Subsequently, the Kurosegawa micro-continent drifted northward and even-
tually collided with an ancient Asiatic continental margin and then fragmented into small 
pieces which are now distributed as various tectonic blocks surrounded by serpentinite 
in the Kurosegawa Tectonic Zone. 
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